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CERAMIC CATALYST BODY 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a ceramic 
catalyst body and a ceramic carrier used in a catalytic 
converter for purifying an exhaust gas of an automobile 
engine or the like, and to a method of producing the 
same. 

2. Description of the Related Art 

There have been increasing demands in recent 
years to reduce the C0 2 emission from automobiles, 
through improvement in the combustion efficiency and by 
cleaning the exhaust gas, for the preservation of the 
global environment. Accordingly, three-way catalysts 
have been widely used as the catalytic converter for 
purifying an exhaust gas, and the use of a NOx occluding 
reduction catalyst or the like has been increasingly 
employed for Diesel engines. These catalysts are 
typically produced by coating the surface of a monolithic 
carrier, such as honeycomb structure made of cordierite 
which has high heat resistance, with a material that has 
large specific surface area such as y-alumina and 
depositing a noble metal catalyst such as Pt or Rh to be 
supported on the ceramic carrier. The NOx occluding 
reduction catalyst has, in addition to the main catalyst 
component, an NOx occluding substance as a promoter which 
adsorbs NOx molecules which are released in lean 
atmosphere, and releases the NOx in rich atmosphere, so 
as to be reduced by the noble metal catalyst and so that 
NOx is detoxified. 

The catalyst of the prior art has a coating 
layer of the material of large specific surface area, 
because the cordierite carrier of the prior art does not 
have a specific surface area large enough to carry the 
required amount of catalyst component. When the surfaces 
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of the carrier is coated with the material of a large 
specific surface area, however, the heat capacity of the 
carrier increases due to the increase in the mass, which 
is undesirable in view of early activation of the 
5 catalyst- The coating method also has a problem in that 
the decrease in the opening area of the cell of the 
honeycomb structure leads to an increase in the pressure 
loss, and the thermal expansion coefficient becomes 
larger than that of a carrier which is made solely of 
10 cordierite. 

A ceramic carrier which can support a required 
amount of catalyst component without forming a coating 
layer by increasing the specific surface area of 
cordierite itself has been already known (for example, 
15 Japanese Patent Examined Publication No. 5-50338). 

However, the ceramic carrier is not practically available 
because of its short, catalytic life. It was found that 
evaporation of the catalyst during operation over a long 
period of time might decrease the catalyst performance. 
20 This is because the noble metal used as the catalyst 
turns into an oxide with a low melting point through 
contact with an oxidizing gas. It was found that the 
catalyst described above is more prone to the problem of 
catalyst evaporation than the catalyst of the prior art 
25 which supports the catalyst in pores of y-alumina. 

Also, it was found that this ceramic carrier is 
vulnerable to the influence of the exhaust gas, which 
flows through the cells because the catalyst is supported 
directly in a multitude of pores which open to the 
30 surfaces of the cell walls, and is therefore more liable 
to damage caused by catalyst poisoning than the catalyst 
of the prior art which supports the catalyst in the 
porous coating layer. An alkali metal or an alkali earth 
metal used as the NOx occluding substance is turned into 
35 a sulfate by poisoning with the sulfur which is included 
in the exhaust gas and, as a result, it loses the NOx 
occluding capacity. In the three-way catalyst, there is 



also a possibility that a trace component, which is added 
as the promoter, is damaged. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
high performance ceramic catalyst body which suppresses 
the deterioration and has high durability as well as a 
method of producing the same. 

Another object of the present invention is to 
improve the poisoning resistance of the catalyst body, 
comprising the ceramic carrier capable of supporting the 
catalyst directly on the ceramic carrier, by preventing 
catalyst poisoning from occurring due to the poisoning 
component of the exhaust gas or by regenerating the 
catalyst which has been deteriorated by poisoning. 

According to a first aspect of the invention, the 
ceramic catalyst body comprises a ceramic carrier which 
has a multitude of pores that are capable of supporting a 
catalyst component directly on the surface of a substrate 
ceramic, and a catalyst supported on the ceramic carrier, 
wherein the catalyst particles are provided with a layer 
containing an anti-evaporation metal formed at least on 
part of the outer surface of the catalyst metal 
particles . 

The evaporative catalyst metal has a high melting 
point of about 1,500 to 2,000°C, but the surface thereof 
is oxidized and turns into an oxide which has a low 
melting point while being used as the catalyst for 
purifying an exhaust gas. Since the constitution of the 
present invention where the catalyst is supported 
directly on the carrier surface is more liable to the 
influence of the exhaust gas flow, the catalyst is more 
likely to evaporate than in the case of the catalyst 
element of the prior art which is coated with y-alumina. 
Therefore, according to the invention, the anti- 
evaporation metal is provided on the outer surface of the 
catalyst particles. Such a constitution of the catalyst 
particle makes it possible to protect the catalyst metal 
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contained inside , suppress oxidization and prevent the 
catalyst from evaporating. As a result, thermal 
deterioration can be suppressed and the durability can be 
greatly improved, 
5 According to a second aspect of the invention, the 

effects described above can be achieved when the layer 
containing the anti-evaporation metal covers at least 10% 
of the outer surface of the catalyst metal particles* 
Preferably, according to a third aspect of the invention, 

10 the layer containing the anti-evaporation metal covers at 
least 50% of the outer surface of the catalyst metal 
particles. At this time, according to a fourth aspect of 
the invention, the layer containing the anti-evaporation 
metal may be supported in the form of metal on the outer 

15 surface of the catalyst metal particles, but may also be 

provided in the form of an oxide or an alloy so as to 
have higher melting point which makes the catalyst 
performance more stable. 

According to a fifth aspect of the invention, a 

20 noble metal may be used as the catalyst metal and a metal 
of which the oxide has a high melting point of 1,100°C or 
higher may be used for the anti-evaporation metal. At 
this time, according to a sixth aspect of the invention, 
it is more desirable that the anti-evaporation metal has 

25 catalytic activity. Specifically, according to a seventh 
aspect of the invention, at least one kind selected from 
the group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 
Rh, Ta, W and Ir is used as the anti-evaporation metal. 

According to an eighth aspect of the invention, when 

3 0 one or more constituent element of the substrate ceramic 
is substituted with an element other than the constituent 
element, then a carrier capable of supporting the 
catalyst metal directly on the substituting element can 
be used. 

3 5 in this case, according to a ninth aspect of the 

invention, the catalyst metal is preferably supported on 
the substituting element through chemical bonding. 
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Chemical bonding of the catalyst metal improves the 
retention of the catalyst and reduces the possibility of 
deterioration through long period of use since the 
catalyst component is evenly distributed over the carrier 
5 and is less likely to coagulate* 

According to a tenth aspect of the invention, one or 
more elements having a d or an f orbit in the electron 
orbits thereof can be used as the substituting element 
described above. An element having d or f orbit in the 

10 electron orbits thereof has higher tendency to bond with 
the catalyst metal, and is therefore preferable. 

According to an eleventh aspect of the invention, 
the ceramic carrier has a multitude of pores capable of 
directly supporting the catalyst on the surface of the 

15 substrate ceramic so that the catalyst metal can be 
supported directly in the pores. 

According to a twelfth aspect of the invention, the 
pores described above comprise at least one kind selected 
from the group consisting of defects in the ceramic 

2 0 crystal lattice, microscopic cracks in the ceramic 

surface and missing defects of the elements which 
constitute the ceramic. 

According to a thirteenth aspect of the invention, 
the microscopic cracks are preferably 100 nm or smaller 

2 5 in width in order to ensure mechanical strength of the 
carrier. 

According to a fourteenth aspect of the invention, 
the pores have diameter or width preferably 1,000 times 
the diameter of the catalyst ion to be supported therein 
30 or smaller, in order to be capable of supporting the 
catalyst metal. At this time, a quantity of catalyst 
metal comparable to that in the prior art can be 
supported when the density of pores is 1 x 10 11 /L or 
higher . 

35 According to a fifteenth aspect of the invention, a 

ceramic containing cordierite as the main component is 
used as the substrate ceramic, and the pores may be 
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defects formed by substituting a part of the constituent 
elements of the cordierite with a metal element having 
different value of valence. Cordierite has high 
resistance against thermal shock and is therefore 
5 suitable for the catalyst to purify the automobile 
exhaust gas. 

According to a sixteenth aspect of the invention, 
the defects are at least one or an oxygen defect or a 
lattice defect* A quantity of catalyst metal comparable 

10 to that in the prior art can be supported when the 

density of cordierite crystal containing at least one 
defect in a unit crystal lattice of cordierite is set to 
4 x 10" 6 % or higher. 

According to a seventeenth aspect of the invention, 

15 a method of producing the ceramic catalyst body of the 

invention is provided, wherein a ceramic carrier capable 
of supporting the catalyst metal directly on the surface 
of the substrate ceramic is immersed in a solution of a 
catalyst metal and is then sintered so as to support the 

20 catalyst metal on the carrier. Then the carrier is 

immersed in a solution of an anti-evaporation metal and 
is then sintered so as to form a layer containing the 
anti-evaporation metal at least in a part of the outer 
surface of the catalyst metal particles that are 

25 supported on the ceramic carrier. 

According to an eighteenth aspect of the invention, 
a ceramic catalyst body comprising a ceramic carrier 
capable of supporting a catalyst directly on the surface 
of a substrate ceramic with a catalyst component 

3 0 supported on the ceramic carrier is provided wherein a 

trap layer is provided at a position near the end face in 
the upstream of the flow of gas to be purified so as to 
trap catalyst poisoning component included in the gas. 
With the constitution described above, since the 

3 5 trap layer provided in the upstream side of the catalyst 
body traps the catalyst poisoning component included in 
the gas to be purified such as exhaust gas, the catalyst 
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poisoning component can be removed from the gas which 
enters the catalyst element, thereby preventing the 
catalyst poisoning from occurring and improving the 
resistance against catalyst poisoning, 
5 In this case, according to a nineteenth aspect of 

the invention , the trap layer can be formed by supporting 
a trapping component, which adsorbs the catalyst 
poisoning component, on a carrier which is coated with 
porous ceramic on the surface thereof, 

10 According to a twentieth aspect of the invention, a 

ceramic catalyst body comprising a ceramic carrier 
capable of supporting a catalyst directly on the surface 
of a substrate ceramic and a catalyst component supported 
on the ceramic carrier is provided, wherein a trapping 

15 component which adsorbs catalyst poisoning component 

included in the gas to be purified is supported at least 
at the end portion of the carrier in the upstream of the 
flow of gas to be purified, thereby providing a trap 
layer that traps the catalyst poisoning component. A 

2 0 similar effect can also be achieved by providing the trap 

layer integrally with the catalyst element at the end 
portion in the upstream side thereof. 

According to a twenty first aspect of the invention, 
in case the catalyst component supported by the ceramic 

25 carrier includes a main catalyst component made of a 

noble metal and a promoter component which receives the 
catalyst poisoning, the promoter component can be used as 
the trapping component which adsorbs the catalyst 
poisoning. As the promoter component is apt to react 

30 with the catalyst poisoning component, removal thereof in 
the upstream of the catalyst body results in the 
reduction of the adverse effect on the main catalyst. 

According to a twenty second aspect of the 
invention, a ceramic catalyst body comprising a ceramic 

35 carrier capable of supporting a catalyst directly on the 
surface of a substrate ceramic and a catalyst component 
supported on the ceramic carrier is provided, wherein a 
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such a catalyst is provided in an area near the catalyst 
which receives the catalyst poison, that decomposes a 
compound generated through reaction with the catalyst 
poisoning component included in the gas to be purified. 
5 with the constitution described above, the catalyst 

can be regenerated by decomposing the compound generated 
by catalyst poisoning instead of preventing the poisoning 
component from entering the ceramic catalyst. This 
constitution also makes it possible to prevent the 
10 performance from deteriorating due to catalyst poisoning 
and improve the resistance against catalyst poisoning. 

According to a twenty third aspect of the invention, 
one or more constituent element of the substrate ceramic 
is substituted with an element other than the constituent 
15 element in the ceramic carrier described above, so that 
the carrier is capable of supporting the catalyst 
component directly on the substituting element. 

In this case, according to a twenty fourth aspect of 
the invention, the catalyst component is preferably 
20 supported on the substituting element through chemical 
bonding. Chemical bonding of the catalyst component 
improves the retention of the catalyst and, as the 
catalyst component is evenly distributed over the carrier 
and is less likely to coagulate, possibility of 
25 deterioration by long period of use is also reduced. 

According to a twenty fifth aspect of the invention, 
one or more element having d or f orbit in the electron 
orbits thereof can be used as the substituting element 
described above. An element which has d or f orbit in 
30 the electron orbits thereof has higher tendency to bond 

with the catalyst component, and is therefore preferable. 

According to a twenty sixth aspect of the invention, 
the ceramic catalyst has a multitude of pores capable of 
directly supporting the catalyst on the surface of the 
35 substrate ceramic so that the catalyst component can be 
supported directly in the pores. 

According to a twenty seventh aspect of the 
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invention, the pores described above comprise at least 
one kind selected from the group consisting of defects in 
the ceramic crystal lattice, microscopic cracks in the 
ceramic surface and missing defects of the elements which 
5 constitute the ceramic. 

According to a twenty eighth aspect of the 
invention, the microscopic cracks are preferably 100 nm, 
or smaller, in width in order to ensure mechanical 
strength of the carrier. 

10 According to a twenty ninth aspect of the invention, 

the pores have diameter or width preferably 1,000 times 
the diameter of the catalyst ion to be supported therein, 
or smaller, in order to be capable of supporting the 
catalyst component. At this time, a quantity of catalyst 

15 component comparable to that supported in the prior art 
can be supported when the density of pores is 1 x 10 11 /L 
or higher. 

According to a thirtieth aspect of the invention, a 
ceramic containing cordierite as the main component is 

2 0 used as the substrate ceramic, and the pores may be 

defects formed by substituting a part of the constituent 
elements of the cordierite with a metal element having 
different value of valence. Cordierite has high 
resistance against thermal shock and is therefore 

2 5 suitable for the catalyst to purify the automobile 

exhaust gas. 

According to a thirty-first aspect of the invention, 
the pores are at least one of an oxygen defect or a 
lattice defect. A quantity of catalyst component 

30 comparable to that supported in the prior art can be 
supported when the density of cordierite crystal 
containing at least one defect in a unit crystal lattice 
of cordierite is set to 4 x 10" 6 % or higher. 

According to a thirty-second aspect of the 

35 invention, the ceramic carrier may have a shape of at 
least one kind selected from the group consisting of 
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honeycomb, pellet, powder, foam body, fiber or hollow 
fiber. 

According to a thirty-third aspect of the invention, 
a method is provided to regenerate a ceramic catalyst 
5 body which comprises a ceramic carrier capable of 
supporting a catalyst directly on the surface of a 
substrate ceramic and a catalyst supported on the ceramic 
carrier, by providing heating means for heating the 
carrier and, when the catalyst performance has decreased 

10 due to catalyst poisoning, heats the carrier with the 
heating means thereby to decompose catalyst poisoning 
component and thereby regenerate the catalyst. 

The catalyst poisoning component may also be removed 
to regenerate the catalyst, also by supplying thermal 

15 energy from the outside using the heating means described 
above so as to decompose a compound generated by 
poisoning. Poisoning resistance can be improved by 
restoring the catalytic function through periodical 
heating. 

20 According to a thirty-fourth aspect of the 

invention, a method of regenerating the catalyst is 
provided wherein, when the catalyst performance has 
decreased due to catalyst poisoning, a catalyst poisoning 
component is decomposed by putting the catalyst into 

25 contact with a solution or gas containing acid or alkali. 

A poisoning component may also be removed thereby to 
restore the catalyst function by dissolving a component 
subjected to the catalyst poisoning in a solution or gas 
containing acid or alkali or by decomposing the catalyst 

30 poisoning component. 

According to a thirty-fifth aspect of the invention, 
the catalyst poisoning component is dissociated by 
changing the gas atmosphere when the catalyst performance 
has decreased due to catalyst poisoning. Specifically, 

35 according to a thirty-sixth aspect of the invention, the 
catalyst poisoning component may be dissociated by 
exposing the catalyst to reduced pressure atmosphere, 
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low-oxygen atmosphere or reducing atmosphere* 

According to a thirty-seventh aspect of the 
invention, the regeneration process described in the 
seventeenth or nineteenth aspect is carried out with the 
5 ceramic catalyst body being mounted on an apparatus or 
removed therefrom. While these regeneration processes 
can be carried out with the ceramic catalyst body being 
mounted on the apparatus , the ceramic catalyst body may 
also be taken out of the apparatus to apply the process 
10 in case the process causes a significant load on the 
apparatus . 

According to a thirty-eighth aspect of the 
invention, the catalyst poisoning component deposited on 
the catalyst is removed by a physical method when the 

15 catalyst performance has decreased due to catalyst 

poisoning. Specifically, according to a thirty ninth 
aspect of the invention, the physical method may be 
either to apply vibration to the catalyst, blow the 
catalyst with a gas, wash the catalyst with a solution or 

20 remove the poisoning component by brushing. 

According to a fortieth aspect of the invention, the 
physical method may be applied either intermittently or 
continuously. According to a forty first aspect of the 
invention, the physical method is suitable for a ceramic 

25 catalyst body which comprises a ceramic carrier that has 
an element capable of directly supporting a multitude of 
catalyst particles provided on the surface, whereon the 
catalyst is supported directly on the ceramic carrier. 
Since the bonding force of the catalyst particles 

30 supported directly on the element is stronger than that 
of the catalyst particles supported in the pores, the 
influence caused by the physical force on the catalyst 
can be mitigated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Fig. 1 schematically shows the shape of catalyst 

particles supported on a ceramic catalyst body of the 
invention. 
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Fig. 2 shows the relation between Pt/Rh ratio and 
the mean catalyst particle size. 

Fig. 3 shows the relation between Pt/Rh ratio and 
the 50% purification temperature. 
5 Fig. 4(a) is a perspective view showing the 

arrangement of a trap layer and a ceramic catalyst body 
according to Example 1 of the invention, and Fig. 4(b) is 
a partially enlarged view thereof. 

Fig. 5(a) is a perspective view showing the 

10 arrangement of a trap layer and a ceramic catalyst body 

according to Example 2 of the invention, and Fig. 5(b) is 
a partially enlarged view thereof. 

Fig. 6 shows the overall constitution of a ceramic 
catalyst body according to Example 3 of the invention. 

15 Fig. 7 shows the results of regeneration process 

according the Examples of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment of the invention wherein a layer 
containing an anti-evaporation metal is provided on the 

20 outer surface of catalyst metal particles will be 

described below. According to the invention, a ceramic 
carrier capable of directly supporting the catalyst 
component is used, and a ceramic catalyst is made by 
having a catalyst supported on the ceramic carrier. The 

25 catalyst supported has such a constitution as the anti- 
evaporation metal is provided on the outer surface of 
catalyst metal particles, which will be described in 
detail later. The ceramic carrier is based on substrate 
ceramic made preferably from cordierite having 

30 theoretical composition of 2Mg0^2Al 2 0 3 *5Si0 2 as the main 

component, which is formed in honeycomb structure to make 
the ceramic carrier. Main component of the ceramic may 
also be other ceramic materials such as alumina, spinel, 
aluminum titanate, silicon carbide, mullite, silica- 

35 alumina, zeolite, zirconia, silicon nitride, zirconium 
phosphate, besides cordierite. Shape of the ceramic 
carrier is not limited to honeycomb structure and may 
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also be other shapes such as pellet, powder, foam body, 
hollow fiber or fiber. 

The ceramic catalyst has a multitude of pores or 
element capable of directly supporting the catalyst on 
5 the surface of the substrate ceramic so that the catalyst 
metal can be supported directly in the pores or on the 
element* The element capable of directly supporting the 
catalyst is an element introduced by substituting one or 
more element among the constituent elements of the 
10 ceramic substrate with an element other than the 

constituent element, which will be described in detail 
later . 

First, the ceramic carrier which has a multitude of 
pores that are capable of directly supporting the 
15 catalyst component provided on the surface of the ceramic 
substrate will be described below. The pores comprise at 
least one kind selected from the group consisting of 
defects in the ceramic crystal lattice (oxygen defect or 
lattice defect), microscopic cracks in the ceramic 

2 0 surface and missing defects of the elements which 

constitute the ceramic. It suffices that at least one 
kind of these pores be formed in the ceramic carrier, 
while two or more of kinds thereof may also be formed in 
combination. In order to make it possible to support the 

25 catalyst component without forming a coating layer of a 
material which has large specific surface area such as 
alumina, diameter or width of the pores formed on the 
cordierite surface is not larger than 1,000 times (100 
nm) the diameter of the ions of the catalyst component to 

30 be supported therein (typically about 0.1 nm) , preferably 
in a range from 1 to 1,000 times (0.1 to 100 nm) . Depth 
of the pore is preferably a half the diameter of the 
catalyst ion or larger, typically 0.05 nm or larger. In 
order to support the catalyst component in a quantity 

3 5 comparable to that of the prior art (1.5 g/L) with the 

pores of the dimensions described above, density of the 
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pores is 1 x 10 11 /L or higher, preferably 1 x 10 16 /L or 
higher and more preferably 1 x 10 17 /L or higher. 

Among the pores formed in the ceramic surface, the 
defects in the crystal lattice are classified into an 
5 oxygen defect and a lattice defect (metal vacancy and 

lattice strain). An oxygen defect is caused by the lack 
of oxygen atoms which constitute the crystal lattice of 
the ceramic, and allows it to support the catalyst 
component in the vacancy left by the missing oxygen. A 
10 lattice defect is caused by trapping of more oxygen atoms 

than necessary to form the ceramic crystal lattice, and 
allows it to support the catalyst component in the pores 
formed by the strains in the crystal lattice or the metal 
vacancies . 

15 Oxygen defects may be formed in the crystal lattice 

as described in Japanese Patent Application No. 2 000- 
104994, in a process after forming and degreasing, by 
sintering a material for cordierite containing an Si 
source, an Al source and an Mg source while either <D 

2 0 decreasing the pressure of the sintering atmosphere or 
making it a reducing atmosphere; © sintering in a low- 
oxygen concentration atmosphere using a compound which 
does not include oxygen for at least a part of the raw 
material so as create oxygen deficiency in the sintering 

2 5 atmosphere or in the starting material; or ® 

substituting at least one of the constituent elements of 
the ceramic except for oxygen with an element having a 
value of valence lower than that of the substituted 
element. In the case of cordierite, since the 

3 0 constituent elements have positive valence such as Si 

(4+), Al (3+) and Mg (2+), substituting these elements 
with an element of lower value of valence leads to 
deficiency of positive charge which corresponds to the 
difference from the substituting element in the value of 
3 5 valence and to the amount of substitution. Thus 0 (2-) 
having negative charge is released so as to maintain the 
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electrical neutrality of the crystal lattice, thereby 
forming the oxygen deficiency. 

Lattice defects can be formed by © substituting a 
part of the constituent elements of the ceramic except 
5 for oxygen with an element which has a value of valence 
higher than that of the substituted element. When at 
least part of the Si, Al and Mg which are constituent 
elements of the cordierite is substituted with an element 
having a value of valence higher than that of the 

10 substituted element, a positive charge which corresponds 
to the difference from the substituting element in the 
value of valence and to the amount of substitution 
becomes redundant, so that the required amount of O (2-) 
having negative charge is taken into the lattice in order 

15 to maintain the electrical neutrality of the crystal 

lattice* The oxygen atoms which have been taken into the 
crystal make an obstacle for the cordierite unit crystal 
lattice to form an orderly structure, thus resulting in 
the lattice strain. Alternatively, part of Si, Al and Mg 

20 is released to maintain the electrical neutrality of the 
crystal lattice, thereby forming vacancies. In this 
case, sintering is carried out in an air atmosphere so as 
to supply a sufficient amount of oxygen. Since the sizes 
of these defects are believed to be on the order of 

25 several angstroms or smaller, they are not accounted for 
in the specific surface area measured by ordinary methods 
such as BET method which uses nitrogen molecules. 

The number of oxygen defects and lattice defects is 
related to the amount of oxygen included in the 

3 0 cordierite honeycomb structure, and it is possible to 
support the required quantity of catalyst component by 
controlling the amount of oxygen to below 4 7% by weight 
(oxygen defect) or over 48% by weight (lattice defect), 
when the amount of oxygen is decreased to below 4 7% by 

35 weight due to the formation of oxygen defects, the number 
of oxygen atoms included in the cordierite unit crystal 
lattice becomes less than 17.2, and the lattice constant 
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for b 0 axis of the cordierite crystal becomes smaller 
than 16.99. When the amount of oxygen is increased above 
48% by weight due to the formation of the lattice 
defects, number of oxygen atoms included in the 
5 cordierite unit crystal lattice becomes larger than 17.6, 
and the lattice constant for b 0 axis of the cordierite 
crystal becomes larger or smaller than 16.99* 

A predetermined number of or more pores can be 
formed in the ceramic carrier, when the density of 

10 cordierite crystal containing at least one defect of at 
least one kind, oxygen defect or lattice defect, in a 
unit crystal lattice of cordierite is set to 4 x 10" 6 % 
or higher, and preferably 4 x 10~ 5 % or higher, or 
alternatively, 4 x 10" 6 or more, preferably 4 x 1CT 7 or 

15 more defects of at least one kind, oxygen defect or 

lattice defect, are included in a unit crystal lattice of 
cordierite. 

Among the pores which can support the catalyst, 
microscopic cracks in the ceramic surface are formed in a 

20 multitude at least in one of amorphous phase and crystal 
phase by applying thermal shock or shock wave to the 
cordierite honeycomb structure. The cracks are required 
to be small, about 100 nm or less, preferably 10 nm or 
smaller in width in order to ensure mechanical strength 

25 of the honeycomb structure. 

Thermal shock can be applied by quenching the 
cordierite honeycomb structure which has been heated. 
The timing of applying the thermal shock may be after the 
time when the cordierite crystal phase or amorphous phase 

3 0 has been formed in the cordierite honeycomb structure. 
Thermal shock may be applied either by forming, 
degreasing and sintering a material for cordierite 
containing an Si source, an Al source and an Mg source in 
an ordinary process, heating the cordierite honeycomb 

3 5 structure thus formed to a predetermined temperature 
again and then quenching it, or by quenching from a 
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predetermined temperature during the transition from 
sintering to cooling. Cracks due to thermal shock can be 
generated when the temperature difference (thermal shock 
temperature difference) is about 80 °C or larger between 
5 the time of heating and after quenching, while the crack 
size increases as the thermal shock temperature 
difference increases. The thermal shock temperature 
difference should be kept within about 900 °C since large 
cracks make it difficult to maintain the shape of the 

10 honeycomb structure. 

In the cordierite honeycomb structure, the amorphous 
phase exists in the form of layers formed around the 
crystal phase. When thermal shock is applied by heating 
and then quenching the cordierite honeycomb structure, 

15 since there is a difference in the thermal expansion 

coefficient between the amorphous phase and the crystal 
phase, a thermal stress corresponding to the difference 
in the thermal expansion coefficient and to the thermal 
shock temperature difference is generated around the 

20 interface between the amorphous phase and the crystal 

phase. When the amorphous phase or the crystal phase is 
unable to endure the thermal stress, microscopic cracks 
are generated. The number of microscopic cracks 
generated can be controlled by the amount of amorphous 

2 5 phase. When a trace component (alkali metal element, 

alkali earth metal element, etc.) included in the raw 
material which is believed to contribute to the formation 
of the amorphous phase is added in a quantity larger than 
normal, the number of cracks generated is increased. 

3 0 Shock wave of ultrasound or vibration can also be used 

instead of thermal shock. When a weak portion of the 
cordierite honeycomb structure is unable to endure the 
shock wave, microscopic cracks are generated. The number 
of cracks generated can be controlled by the energy of 
35 the shock wave. 

Among the pores which can support the catalyst, 
missing defects of the elements which constitute the 
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ceramic are formed through elution of the constituent 
element of the cordierite or an impurity by a liquid 
phase method and, for example, the defects are formed 
when metal elements such as Mg and Al included in the 
5 cordierite crystal, alkali metal or alkali earth metal 
included in the amorphous phase or the amorphous phase 
itself dissolves into water of high temperature and high 
pressure, super-critical fluid or into a solution such as 
alkali solution. Missing defects of these elements form 

10 pores which support the catalyst. The defects may also 
be formed chemically or physically by gas phase method. 
A chemical method includes dry etching and a physical 
method includes sputter etching, in which case the number 
of pores can be controlled by regulating the duration of 

15 etching or the amount of energy supplied. 

A carrier having a multitude of particles of 
elements which are capable of supporting the catalyst 
component directly on the surface of the substrate 
ceramic being provided by the substitution of elements 

2 0 will be described below. In this case, constituent 

elements of the ceramic (for example Si, Al and Mg in the 
case of cordierite) are substituted with such an element 
that has greater force for bonding with the catalyst than 
the constituent element to be substituted and is capable 
25 of supporting the catalyst component by chemical bonding. 
Specifically, the substituting elements may be those 
which are different from the constituent elements and 
have a d or an f orbit in the electron orbits thereof, 
and preferably have empty orbit in the d or f orbit or 

3 0 have two or more oxidation states. An element which has 

empty orbit in the d or f orbit has energy level near 
that of the catalyst being supported, which means a 
higher tendency to exchange electrons and bond with the 
catalyst component. An element which has two or more 
35 oxidation states also has higher tendency to exchange 
electrons and provides the same effect. 

Elements which have empty orbits in the d or f orbit 
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include W, Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Mo, Ru, Rh, Ce, 
ir, Pt, etc. of which one or more can be used. Among 
these, w, Ti, V, Cr, Mn, Fe, Co, Mo, Ru, Rh, Ce, Ir and 
Pt are elements which have two or more oxidation states . 
5 Besides these, elements which have two or more oxidation 
states include Cu, Ga, Ge, Se, Pd, Ag, Au, etc. 

When substituting the constituent element of the 
ceramic with these substituting elements, a method may be 
employed where the substituting element is added to the 

10 ceramic material and mixed, as described above. However, 
such a method may also be employed where the material 
including the constituent element to be substituted is 
reduced by the amount corresponding to the amount of 
substitution, followed by mixing, forming and drying, 

15 before being immersed in a solution containing the 

substituting element thereby to be impregnated therewith. 
The material is taken out of the solution, dried and then 
subjected to degreasing and sintering in air atmosphere. 
This method of impregnating the preform is preferably 

2 0 employed, since the substituting element can be deposited 
sufficiently on the surface of the preform and, as a 
result, the element is substituted on the surface during 
sintering, thus making it easier for a solid solution to 
form. 

2 5 The amount of substituting element is set within a 

range from 0.01% to 50%, and preferably in a range from 5 
to 2 0% of the substituted constituent element in terms of 
the number of atoms. In case the substituting element 
has a value of valence different from that of the 

3 0 constituent element of the substrate ceramic, lattice 

defects or oxygen defects are generated at the same time 
depending on the difference in the valence, as described 
above. The defects can be prevented from occurring by 
using a plurality of substituting elements and setting 
35 the sum of oxidation numbers of the substituting elements 
equal to the sum of oxidation numbers of the substituted 
constituent elements. Thus the catalyst component may be 
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supported only by bonding with the substituting elements 
while keeping the valence constant as a whole. 

The ceramic catalyst body of the invention comprises 
a ceramic carrier which has a multitude of pores on the 
5 surface thereof, with a catalyst component supported 

directly on the ceramic carrier, and is preferably used 
in catalyst for purifying an engine exhaust gas or the 
like. The invention is characterized in that the 
catalyst particles are provided with a layer containing 

10 an anti-evaporation metal formed at least in part of the 
outer surface of the catalyst metal particles, thereby 
improving the resistance of the catalyst against 
evaporation. A noble metal catalyst such as Pt, Pd, ir 
or Rh is usually used as the catalyst metal. For the 

15 anti-evaporation metal, a metal having high melting point 
of which oxide has a high melting point of 1,100°C or 
higher may be used. For example, at least one kind 
selected from the group consisting of Ti, V, Cr, Mn, Fe, 
Co, Ni, Cu, Rh, Ta, W and Ir is used. Among these, Rh, 

2 0 Mn, Ni, Cu, etc. are more preferable since the anti- 

evaporation metal itself has catalytic activity. 

The layer containing the anti-evaporation metal can 
be formed on the outer surface of the catalyst metal 
particles as described below. First, the ceramic carrier 
25 which has a multitude of pores in the surface is immersed 
in a solution containing a catalyst metal such as a noble 
metal, and is then sintered to fix the catalyst metal on 
the ceramic carrier. Then the ceramic carrier supporting 
the catalyst metal is immersed in a solution containing 

3 0 the anti-evaporation metal, and is then sintered thereby 

to form the layer containing an anti-evaporation metal 
covering the outer surface of the catalyst metal 
particles. While the solvent used for the impregnation 
of the catalyst component may be water, a solvent having 
35 a smaller surface tension, for example alcohol solvent 
such as ethanol, is more preferably used, since the 
defects or cracks which constitute the pores formed in 
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the ceramic carrier have a microscopic size. While a 
solvent which has large surface tension such as water 
cannot easily infiltrate into the pores and is unable to 
fully make use of the pores, use of the solvent having 
5 smaller surface tension which can infiltrate into 

microscopic pores makes it possible to carry 0.5 g/L or 
more catalyst component by making full use of the pores. 
Ce0 2 or the like can be used as a promoter, which may be 
deposited on the carrier either simultaneously with the 

10 catalyst metal or the anti-evaporation metal, or in a 
separate process* 

In order to achieve the effects described above, it 
is desirable that the layer containing an anti- 
evaporation metal covers 10% or more, or preferably 50% 

15 or more of the outer surface of the catalyst metal 

particles. while a greater effect of preventing the 
evaporation can be achieved when a larger portion of the 
outer surface is covered, it also decreases the 
permeability of gas thus making it difficult for the 

2 0 exhaust gas to reach the catalyst metal. Therefore, it 

is desired to provide the layer containing the anti- 
evaporation metal so that both anti-evaporation effect 
and gas permeability can be obtained at the same time. 
Also the anti-evaporation metal may be supported in the 

25 form of metal on the outer surface of the catalyst metal 
particles, but may also be provided in the form of an 
oxide or an alloy to have higher melting point which 
achieves greater effect. The anti-evaporation metal is 
easily turned into an oxide when sintered in air 

30 atmosphere in the forming method described above. When 
used in the form of an alloy, the alloy made by 
processing the anti-evaporation metal and other metal at 
a high temperature is turned into fine particles which 
are immersed in a solution including an alloy of the 

3 5 anti-evaporation metal and the sintered by a method 

similar to that described above. 

Specifically, for example, the carrier is immersed 
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in ethanol solution including 0.07 mol/L of Pt 
(chloroplatinate) and 0.05 mol/L of Rh (rhodium chloride) 
and is then dried. The carrier is then immersed in 
ethanol solution including 0.05 mol/L of Rh (rhodium 
5 chloride) and is dried before being sintered at a 

temperature of 500 to 900 °C. Fig. 1 schematically shows 
the constitution of the catalyst particles obtained as 
described above, where the particles which include Pt and 
Rh as the catalyst metals are supported on the carrier 

10 surface with a layer of Rh oxide used as the anti- 
evaporation metal is formed to cover the outer surface 
thereof so as to hold the catalyst metal particles 
thereby to prevent evaporation. Observation of the 
surface of the catalyst particles obtained by the method 

15 described above showed that the layer of Rh oxide covered 
50% of the outer surface of the catalyst metal particles. 
The layer of Rh oxide allows sufficient flow of gas 
therethrough , and does not impede the contact between the 
exhaust gas and the catalyst metal. The layer of Rh 

2 0 oxide is formed by carrying out the sintering process in 
the air atmosphere after depositing the anti-evaporation 
metal. Although it is not necessary to form the layer of 
the anti-evaporation metal from oxide of the metal, 
oxidizing the Rh atoms in the outermost layer in advance 

25 increases the melting point resulting in more stable 
catalyst performance. 

Sizes of the catalyst particles are normally within 
7 5 nm, preferably in a range from 10 to 35 nm. The 
catalyst particles obtained by the method described above 

30 have sizes in a range from 25 to 35 nm, while the 

catalyst particles size varies depending on the ratio of 
Pt:Rh, sintering temperature and other factors. Fig. 2 
shows the relation between the Pt/Rh ratio and the mean 
catalyst particle size. Mean catalyst particle size in 

35 the range described above can be usually obtained when 

the Pt/Rh ratio is 15/1 or below, preferably in a range 
from 4/1 to 10/1. High purification performance can be 
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achieved in this range as shown in Fig. 3. In Fig. 3 f 
the 50% purification temperature plotted along the 
ordinate is used as an index to evaluate the purification 
performance, and was determined by introducing a model 
5 gas including HC (hydrocarbon) into samples (measuring 

cj)15 x LlOmm) of the ceramic catalyst to be evaluated and, 
while raising the sample temperature gradually, as the 
temperature at which the HC purification ratio reached 
50%. 

10 Fig. 3 also shows the 50% purification temperature 

of a three-way catalyst (supporting catalyst deposited on 
y-alumina coat) of the prior art in an early stage and 
after deterioration test (l f 000°C for 24 hours), 
indicating that the catalyst performance is decreased due 

15 to deterioration through evaporation. In contrast, in a 
similar deterioration test conducted on a sample of the 
ceramic catalyst body of the invention, no significant 
change was observed in 50% purification temperature. 
Thus it was confirmed that the layer including the anti- 

20 evaporation metal improved the anti-evaporation 
performance of the catalyst, suppressing the 
deterioration . 

With the method described above, the layer of the 
anti-evaporation metal containing Rh is formed on the 

25 outside of Pt/Rh by supporting a part of Rh together with 
Pt since Rh has catalytic activity, although Rh may also 
be deposited after depositing Pt only. For example, the 
carrier is immersed in ethanol solution including 0.07 
mol/L of Pt (chloroplatinate) and is then dried and 

30 sintered at a temperature of 500 to 900 °C thereby to fix 

Pt. Then the carrier is immersed in ethanol solution 
including 0.05 mol/L of Rh (rhodium chloride) and is then 
dried and sintered at a temperature of 500 to 900 °C in 
air. This process produces catalyst particles having the 

35 layer of the anti-evaporation metal containing Rh being 
formed on the outside of Pt. 
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The proportions of combining the catalyst metal and 
the anti-evaporation metal may be determined as required. 
For example, by using Ir as the catalyst metal, the layer 
of the anti-evaporation metal containing Rh may be formed 
5 on the outside thereof- In this case, Ir/Rh ratio is 
preferably in a range from 5/1 to 30/1. 

Now an embodiment of the invention, where a trap 
layer is provided for trapping catalyst component 
included in the gas to be purified, will be described 

10 below. As a matter of course, this aspect can be 

combined with the other aspect of the invention, wherein 
the layer containing the anti-evaporation metal is 
provided, as described above. In Fig. 4(a), a ceramic 
catalyst body 1 of the invention is used for NOx 

15 occluding reduction catalyst or the like and is made by 
having a catalyst supported on the ceramic carrier 
capable of supporting catalyst directly on the substrate 
ceramic surface. A catalyst poison trapping layer 2 is 
disposed in the upstream near the catalyst. The ceramic 

2 0 carrier of the ceramic catalyst body 1 is based on 

substrate ceramic made preferably from cordierite having 
theoretical composition of 2MgO» 2A1 2 0 3 * 5Si0 2 as the main 
component, which is formed in honeycomb structure and 
sintered to make the ceramic carrier. 

2 5 Main component of the ceramic may also be other 

ceramic materials than cordierite such as alumina, 
spinel, aluminum titanate, silicon carbide, mullite, 
silica-alumina, zeolite, zirconia, silicon nitride and 
zirconium phosphate. Shape of the ceramic carrier is not 

3 0 limited to honeycomb structure and may also be other 

shapes such as pellet, powder , foam body, hollow fiber or 
fiber . 

The ceramic carrier has a multitude of pores or 
elements which are capable of directly supporting the 
3 5 catalyst component on the surface of the ceramic 

substrate, and can support the catalyst metal on the 
pores or element. The pores comprise at least one kind 



selected from the group consisting of defects in the 
ceramic crystal lattice (oxygen defect or lattice 
defect), microscopic cracks in the ceramic surface and 
missing defects of the elements which constitute the 
ceramic, or may comprise two or more of kinds thereof 
combined. The element capable of directly supporting the 
catalyst is an element introduced by substituting one or 
more element among the constituent elements of the 
ceramic substrate with an element other than the 
constituent element. By means of such pores or element 
described above, the catalyst component can be supported 
without forming a coating layer of a material which has 
large specific surface area such as Y-&l um i na * 

For an application to the NOx occluding reduction 
catalyst, a noble metal as a main catalyst component and 
a metal having NOx occluding capacity as a promoter 
component are usually supported. For the metal having 
NOx occluding capacity, alkali metal, alkali earth metal, 
rare earth or transition metal may be used- A method of 
having the catalyst components supported will be 
described later. 

Now the ceramic carrier which has a multitude of 
pores capable of directly supporting the catalyst 
component on the surface of the ceramic substrate will be 
described below. Since diameter of the ions of the 
catalyst component to be supported is typically around 
0.1 nm, the catalyst component ions can be supported in 
pores measuring 0.1 nm or larger in diameter or width 
which are formed in the surface of cordierite. In order 
to ensure the strength of the ceramic, the diameter or 
the width of the pores is as small as possible and not 
larger than 1,000 times (100 nm) the diameter of the ions 
of the catalyst component to be supported therein, 
preferably in a range from 1 to 1,000 times (0.1 to 100 
nm). The depth of the pore is preferably a half (0.05 
nm) the diameter of the catalyst ion or larger. In order 
to support the catalyst component in a quantity 
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comparable to that of the prior art (1.5 g/L) with the 
pores of the dimensions described above , density of the 
pores is 1 x 10 11 /L or higher, preferably 1 x 10 16 /L or 
higher and more preferably 1 x 10 17 /L or higher. 
5 Among the pores formed in the ceramic surface, the 

defects in the crystal lattice are classified into an 
oxygen defect and a lattice defect (metal vacancy and 
lattice strain). An oxygen defect is caused by the lack 
of oxygen atoms which constitute the crystal lattice of 

10 the ceramic, and allows it to support the catalyst 

component in the vacancy left by the missing oxygen. A 
lattice defect is caused by trapping more oxygen atoms 
than necessary to form the ceramic crystal lattice, and 
allows it to support the- catalyst component in the pores 

15 formed by the strains in the crystal lattice or the metal 

vacancies . 

Predetermined number of or more pores can be formed 
in the ceramic carrier, when the cordierite honeycomb 
structure is constituted from cordierite crystal 
2 0 containing at least one defect of at least one kind, 

oxygen defect or lattice defect, with density in a unit 
crystal lattice of cordierite being set to 4 x 10" 6 % or 
higher, and preferably 4 x 10" 5 % or higher, or 
alternatively, 4 x 10" 6 or more, preferably 4 x 10" 7 or 

2 5 more defects of at least one kind, an oxygen defect or a 

lattice defect, are included in a unit crystal lattice of 
cordierite. Details of the pores and the method of 
forming the same are similar to those described 
previously . 

3 0 That is, oxygen defects can be formed in the crystal 

lattice by using the methods ® to ® described in 
Japanese Patent Application No. 2000-104994. 

The number of oxygen defects and lattice defects is 
related to the amount of oxygen included in the 
35 cordierite, and it is made possible to support the 
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required quantity of a catalyst component by controlling 
the amount of oxygen to below 47% by weight (oxygen 
defect) or to over 48% by weight (lattice defect). When 
the amount of oxygen is decreased to below 47% by weight 
5 due to the formation of oxygen defects, the number of 

oxygen atoms included in the cordierite unit crystal 
lattice becomes less than 17.2, and the lattice constant 
for b 0 axis of the cordierite crystal becomes smaller 
than 16.99. When the amount of oxygen is increased above 

10 48% by weight due to the formation of the lattice 

defects, number of oxygen atoms included in the 
cordierite unit crystal lattice becomes larger than 17,6, 
and the lattice constant for b c axis of the cordierite 
crystal becomes larger or smaller than 16.99. 

15 Among the pores which can support the catalyst, 

microscopic cracks in the ceramic surface are formed in a 
multitude at least in one of amorphous phase and crystal 
phase by applying thermal shock or shock wave to the 
cordierite honeycomb structure. The cracks are required 

20 to be small, about 100 nm or less, preferably 10 nm or 
smaller in width in order to ensure mechanical strength 
of the honeycomb structure. 

Thermal shock can be applied by quenching a 
cordierite honeycomb structure which has been heated. 

25 The time of applying the thermal shock may be after the 
time when the cordierite crystal phase and the amorphous 
phase have been formed in the cordierite carrier. 
Thermal shock may be applied either by forming, 
degreasing and sintering a material for cordierite 

3 0 containing an Si source, an Al source and an Mg source in 

an ordinary process, heating the cordierite carrier thus 
formed to a predetermined temperature again and then 
quenching it, or by quenching from a predetermined 
temperature during the transition from sintering to 

35 cooling. Cracks due to thermal shock can be generated 

when the temperature difference (thermal shock 
temperature difference) is about 80 °C or larger between 
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the time of heating and after quenching, while the crack 
size increases as the thermal shock temperature 
difference increases* The thermal shock temperature 
difference should be kept within about 900 °C since too 
5 large cracks make it difficult to maintain the shape of 
the honeycomb structure. 

In the cordierite carrier, the amorphous phase 
exists in the form of layers formed around the crystal 
phase. When thermal shock is applied by heating and then 

10 quenching the cordierite carrier, since there is a 

difference in the thermal expansion coefficient between 
the amorphous phase and the crystal phase, a thermal 
stress corresponding to the difference in the thermal 
expansion coefficient and to the thermal shock 

15 temperature difference is generated around the interface 
between the amorphous phase and the crystal phase. When 
the amorphous phase or the crystal phase is unable to 
endure the thermal stress, microscopic cracks are 
generated. A shock wave of ultrasound or vibration can 

20 also be used instead of thermal shock. When a weak 

portion of the cordierite structure is unable to endure 
the shock wave, microscopic cracks are generated. The 
number of cracks generated can be controlled by the 
energy of the shock wave. 

2 5 Among the pores which can support the catalyst, 

missing defects of the elements which constitute the 
ceramic are formed through elution of the constituent 
element of the cordierite, or impurity, by liquid phase 
method, for example, and the defects are formed when 

3 0 metal elements such as Mg and Al included in the 

cordierite crystal, alkali metal or alkali earth metal 
included in the amorphous phase or the amorphous phase 
itself dissolve into water of high temperature and high 
pressure, super-critical fluid or into a solution such as 
35 alkali solution, thus forming pores constituted from 
these defects which can support the catalyst. The 
defects may also be formed chemically or physically by a 
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gas phase method. The chemical methods include dry 
etching and the physical methods include sputter etching, 
in which case the number of pores can be controlled by 
regulating the duration of etching or the amount of 
5 energy supplied. 

A ceramic carrier having a multitude of particles of 
elements capable of supporting the catalyst component 
directly on the surface of the substrate ceramic through 
the substitution of elements may also be used. In this 

10 case, constituent elements of the ceramic, for example 

Si, Al and Mg in the case of cordierite, are substituted 
with such an element that has greater force for bonding 
with the catalyst than the constituent element to be 
substituted and is capable of supporting the catalyst 

15 component by chemical bonding. Specifically, the 

substituting element may be those which are different 
from the constituent elements and have a d or an f orbit 
in the electron orbits thereof, and preferably have empty 
orbit in the d or f orbit or have two or more oxidation 

20 states. An element which has empty orbit in the d or the 
f orbit has energy level near that of the catalyst being 
supported, which means higher tendency to exchange 
electrons and bond with the catalyst component. An 
element which has two or more oxidation states also has a 

2 5 higher tendency to exchange electrons and provides the 
same effect. 

Elements which have an empty orbit in the d or the f 
orbit include W, Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Mo, Ru, 
Rh, Ce, Ir, Pt, etc. of which one or more can be used. 

30 Among these, W, Ti, V, Cr, Mn, Fe, Co, Mo, Ru, Rh, Ce, Ir 
and Pt are elements which have two or more oxidation 
states. Besides these, elements which have two or more 
oxidation states include Cu, Ga, Ge, Se, Pd, Ag, Au, etc. 
When substituting the constituent element of the 

35 ceramic with these substituting elements, a method may be 
employed where the substituting element is added to the 
ceramic material and mixed, as described above. However, 
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a method may also be employed where the material 
including the constituent element to be substituted is 
reduced by the amount corresponding to the amount of 
substitution, followed by mixing, forming and drying, 
5 before being immersed in a solution containing the 

substituting element thereby to be impregnated therewith. 
The material is taken out of the solution, dried and then 
subjected to degreasing and sintering in air atmosphere. 
This method of impregnating the preform is preferably 
10 employed, since the substituting element can be deposited 
sufficiently on the surface of the preform and, as a 
result, the element is substituted on the surface during 
sintering, thus making it easier for a solid solution to 
form, 

15 The amount of substituting element is set within a 

range from 0.01% to 50%, and preferably in a range from 5 
to 2 0% of the substituted constituent element in terms of 
the number of atoms. In case the substituting element 
has a value of valence different from that of the 

2 0 constituent element of the ceramic, lattice defects or 

oxygen defects are generated at the same time depending 
on the difference in the valence, as described above. 
The defects can be prevented from occurring by using a 
plurality of substituting elements and setting the sum of 
25 oxidation numbers of the substituting elements equal to 
the sum of oxidation numbers of the substituted 
constituent elements. Thus the catalyst component may 
also be supported by only bonding with the substituting 
elements while keeping the valence constant as a whole. 

3 0 The ceramic catalyst body 1 used in making the NOx 

occluding reduction catalyst can be easily obtained by 
supporting a noble metal such as Pt, Rh or Pd as the main 
catalyst component and a metal having NOx occluding 
capacity as a promoter component on the ceramic carrier 
35 described above. The metal elements which have NOx 

occluding capacity include alkali metal elements such as 
Na, K, Rb, Cs and Fr, alkali earth metal elements such as 
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Mg, Ca, Sr, Ba and Ra, and the ceramic carrier can be 
rendered the NOx occluding capacity by using at least one 
kind selected from among these metal elements. NOx 
occluding capacity can also be realized by using rare 
5 earth elements such as Sc, Y, La and Ce, or transition 
metal elements such as Cr, Mn, Fe, Co, Ni, Cu and Zr. 

The catalyst component is supported by immersing the 
cordierite honeycomb structure in a solution of the 
catalyst component dissolved in a solvent. This causes 

10 the catalyst component to be held in the pores such as 
lattice defects or cracks, or the catalyst component is 
chemically bonded with the substituting elements, thus 
making it possible to support 0.1 g/L or more catalyst 
component without forming a coating layer of y-alumina. 

15 While water may be used as the solvent for supporting the 
catalyst component, the use of a solvent having smaller 
surface tension than water, such as alcohon solvent such 
as ethanol is more preferable. Although a solvent which 
has large surface tension such as water does not 

2 0 infiltrate into the pores and is unable to make full use 

of the pores, a solvent having smaller surface tension 
can infiltrate into microscopic pores. The carrier 
impregnated with the catalyst component is then dried and 
sintered at a temperature from 500 to 800°C. 
25 If a metal element which has NOx occluding capacity 

is deposited on the ceramic carrier as the promoter 
component by the method described above, it may be 
carried out either at the same time as the main catalyst 
component is deposited, or in a separate process. As an 

3 0 alternative method of depositing the metal element which 

has NOx occluding capacity is deposited on the ceramic 
carrier, a metal element which has NOx occluding capacity 
may be used as the substituting element for forming the 
pores or a metal element which has NOx occluding capacity 
35 may be used as the substituting element for chemically 

bonding the catalyst component, in case the pores in the 
ceramic carrier comprise defects in the crystal lattice. 
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When this method is employed, the process of depositing 
the metal element which has NOx occluding capacity can be 
omitted . 

Values of valence of the alkali metal elements such 
5 as K and the alkali earth metal elements such as Ba which 
have NOx occluding capacity are 1+ and 2+, respectively. 
As a result, when these elements are included in the 
ceramic by substituting the constituent element of the 
ceramic which has different value of valence, an 

10 imbalance is caused in the oxygen content as the change 
in the valence is compensated for similarly to the 
methods ® and ® of forming defects which make the pores 
described previously, thus resulting in the formation of 
oxygen defects or lattice defects in the crystal lattice. 

15 In the case of cordierite, since the constituent elements 

have values of valence such as Si (4+), Al (3+) and Mg 
(2+), substituting these elements with an element of 
higher value of valence by using an alkali metal element 
or an alkali earth metal element as the defect forming 

2 0 element leads to the formation of pores comprising oxygen 
defects and the development of NOx occluding capacity. 
Substitution may be carried out similarly to the methods 
® and ® described above, and such a cordierite material 
may be used as at least part of the Si source and the Al 

25 source is replaced by a compound of a defect-forming 
element . 

The alkali metal elements such as K and the alkali 
earth metal elements such as Ba used as the promoter 
component react with NOx included in the exhaust gas to 

30 form a nitrate thereby adsorbing NOx, and releases NOx in 
reducing atmosphere. If sulfur, which becomes a catalyst 
poison, is included in the exhaust gas, however, there is 
such a problem that these elements react with the sulfur 
to form sulfate thus losing the NOx occluding capacity. 

35 To solve the problem described above, according to 

the invention, a trap layer 2 is provided at a position 
near the end face of the ceramic catalyst body 1 in the 
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upstream for trapping catalyst poisoning component 
included in the gas to be purified. Here the trap layer 
2 is formed by coating a honeycomb carrier, which has 
been made by the ordinary method without forming pores in 
5 the surface, with a thin layer of porous ceramic such as 
y-alumina and depositing a trapping component which 
adsorbs the catalyst poisoning component hereon, as shown 
in Fig. 4(b). Formation of the coating layer makes it 
easier to trap the poisoning component. The ceramic 

10 carrier is preferably made from cordierite as the main 

component, which is formed in honeycomb structure of the 
same shape as the ceramic catalyst body 1 and is sintered 
to make the ceramic carrier. Length of the carrier in 
the direction of flow is normally made smaller than the 

15 ceramic catalyst body 1. 

For the trapping component which traps the poisoning 
component, an alkali metal element, an alkali earth metal 
element or the like, which is a promoter component, is 
preferably used as long as it is a component which 

20 receives the catalyst poisoning, namely the NOx occluding 
reduction catalyst. If an alkali earth metal element Ba 
is used as the promoter component in the ceramic catalyst 
body 1, for example, a constitution may be employed where 
Ba is used also as the trapping component which traps the 

25 catalyst poisoning component and is deposited at the same 
time as the coating layer of y-alumina is formed on the 
surface of the ordinary honeycomb carrier as shown in 
Fig. 4(b). Deposition can be done by dissolving a 
compound of Ba such as barium nitrate in an aqueous 

30 solution of Y~ a l um i n a and mixed, into which a honeycomb 

carrier is immersed. The honeycomb is then dried and 
sintered at a temperature from 500 to 800°C, thereby to 
make the trap layer 2. The coating layer is formed to a 
small thickness of about 1 [im. 

3 5 With the trap layer 2 disposed in the upstream of 

the ceramic catalyst body 1 (Fig. 4(a)), sulfur, which is 
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a poisoning component included in the exhaust gas, is 
adsorbed by Ba that is liable to the catalyst poisoning, 
thus trapping the sulfur in the form of barium sulfide. 
Since the catalyst poisoning component included in the 
5 gas can be removed from the gas which enters the ceramic 
catalyst body 1, catalyst poisoning of Ba supported as 
the promoter component on the ceramic catalyst body 1 can 
be prevented and the resistance against catalyst 
poisoning is improved. The quantity of the trapping 

10 component supported on the trap layer 2 for adsorbing the 
catalyst poisoning component is preferably set to not 
less than 20 mol% of the catalyst metal of the ceramic 
catalyst body 1. This is because deterioration of the 
ceramic catalyst body 1 normally leads to a decrease of 

15 purification performance by about 20% and a trapping 
component of at least 20 mol% is required when it is 
assumed that the decrease of purification performance is 
caused solely by catalyst poisoning. 

The trap layer 2 may also be provided integrally 

20 with the ceramic catalyst body 1 as shown in Fig. 5(a). 
In this case, the trapping component which adsorbs the 
catalyst poisoning component is supported along with the. 
other catalyst directly on the carrier of the ceramic 
catalyst body 1. While the trap layer 2 is made by 

25 supporting the trapping component which adsorbs the 

catalyst poisoning component at an upstream end portion A 
of the carrier in this case, the trapping component may 
also be distributed and supported on all over the 
carrier, or provided in concentration which changes from 

30 the upstream to the downstream side (high to low 

concentration). The trapping component can be supported 
as shown in Fig. 5(b). For example, a noble metal is 
deposited as the main catalyst component on a ceramic 
carrier having defects which becomes pores with Ba which 

3 5 is the promoter component being provided as a 

substituting element, thereby to obtain the ceramic 
catalyst body 1. The portion of the ceramic catalyst 



- 35 - 



body 1 whereon the trap layer 2 is formed is immersed in 
ethanol solution including 0,2 mol/L of barium sulfide 
and is then dried and sintered at a temperature of 500 to 
800 °C. In this case, it is desirable to surround the 
5 noble metal used as the main catalyst component in the 

portion where the trap layer 2 is formed as shown in Fig. 
5(b) . 

Examples of applying the present invention to the 
NOx occluding reduction catalyst have been described in 

10 the embodiment above. The poisoning component can be 

trapped so as to prevent the ceramic catalyst body 1 from 
being poisoned also by providing the trap layer 2 having 
other catalyst, of the same component as that receives 
the catalyst poisoning, supported thereon as the trapping 

15 component which adsorbs the catalyst poisoning component. 
For example, when a three-way catalyst is used, similar 
effect can be achieved by means of the trap layer 2 where 
a promoter component such as Zn, Pb, Fe, etc. which is 
supported together with the noble metal catalyst and is 

2 0 liable to the influence of sulfur included in the exhaust 
gas . 

Also as shown in Fig. 6, for Example 3, instead of 
providing the trap layer 2, a constitution may also be 
employed where means for heating the ceramic catalyst 

2 5 body 1 such as a heater 3 is provided as a catalyst 

regenerating device for the ceramic catalyst body 1 so 
that, when the catalyst performance has decreased due to 
catalyst poisoning, a power supply 4 energizes the heater 
3 thereby to heat the ceramic catalyst body 1 and 

3 0 decompose the catalyst poisoning component. In the case 

of the NOx occluding reduction catalyst, for example, 
catalyst performance of Ba can be restored by keeping the 
temperature at 650 °C or higher for one minute or longer. 
Moreover, in the NOx occluding reduction catalyst, 
35 with Rh supported as the main catalyst in an excessive 

quantity on the ceramic catalyst body 1, sulfide BaS0 4 
may be decomposed by generating H 2 at the time of a rich 
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atmosphere (reducing atmosphere). 

According to the invention, as described above, the 
ceramic catalyst body 1 can be protected from catalyst 
poisoning and the poisoning resistance thereof can be 
5 greatly improved. Although Fig. 4(a) shows the ceramic 

catalyst body 1 and the trap layer 2 being disposed at a 
distance for the ease of understanding, the ceramic 
catalyst body 1 and the trap layer 2 may be disposed in 
contact with each other, as a matter of course. 

10 The ceramic catalyst body 1 may also be regenerated, 

besides the methods described above, for example by 
bringing a solution or gas containing acid or alkali into 
contact with the ceramic catalyst body 1. Main catalyst 
poisoning components are sulfides generated by the 

15 reaction of SOx included in the exhaust gas with the 

metals which constitute the catalyst or the carrier , and 
oxides or sulfides of metals included in the lubricant. 
These materials can be decomposed or dissolved by using 
acid or alkali and the catalyst performance can be easily 

20 restored. 

It is made easier to deprive oxides of oxygen or to 
decompose sulfides by exposing the ceramic catalyst body 
1, which has been subjected to catalyst poisoning, to 
reduced pressure atmosphere, low-oxygen atmosphere or 

25 reducing atmosphere. Therefore, the catalyst can be 
regenerated also by changing the nature of the 
atmosphere. Since this reaction proceeds faster when the 
catalyst is heated, regeneration of the catalyst can be 
accelerated by combining the method of changing the 

30 atmosphere with heating. 

While the regeneration process by means of the 
solution or gas can be carried out with the ceramic 
catalyst body 1 being mounted on an apparatus, the 
ceramic catalyst body 1 may also be taken out of the 

35 apparatus to apply the regeneration process for reducing 

the load on the apparatus, since an acid, an alkali, a 
reduced pressure, a low-oxygen atmosphere and a reducing 



- 37 - 



atmosphere apply a significant load on the apparatus. 

Besides the methods which uses heating, chemicals or 
other means, physical methods may also be employed to 
remove the catalyst poisoning component. Specifically, 
5 the catalyst poisoning component which has weak bonding 
force can be removed from the catalyst by applying 
vibration with a vibrator or an ultrasonic generator to 
the ceramic catalyst body 1 which has been poisoned, or 
blowing the ceramic catalyst body 1 with high pressure 

10 gas either in a pulsating or continuous flow. A catalyst 
poisoning component which dissolves in water and a 
catalyst poisoning component which has weak bonding force 
can be removed from the catalyst by immersing the ceramic 
catalyst body 1 in water or sending water into the pores 

15 of honeycomb either in a pulsating or continuous flow. 
Alcohol or other cleaning liquid may also be used, or 
washing and vibration may be combined. Moreover, the 
catalyst poisoning component may also be rubbed off the 
surface of the ceramic catalyst body 1 by means of a 

20 brush. 

Regeneration by a chemical method which uses heating 
or chemicals may have adverse influence on the catalytic 
activity. To address this possibility, physical 
regeneration method may be employed. Removal by washing 
25 with water or vibration does not directly affect the 
catalytic activity point and is therefore preferably 
employed. 

In the case of three-way catalyst of the prior art 
which is made by coating a ceramic carrier with y-alumina 

30 and supporting a catalyst thereon, since y-alumina can fc e 
corroded by nitric acid, aqua regia, hydrochloric acid 
and sulfuric acid, these acids can break the bond between 
the carrier and y-alumina when brought into contact. 
Thus processing the three-way catalyst with an acid 

35 causes y-alumina and the catalyst to come off the 

carrier. Also the coating layer of Y~ a l um i n a can come 
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off when subjected to vibration or water jet, and this 
makes it difficult to regenerate* The ceramic catalyst 
body 1 which has the catalyst of the invention supported 
directly thereon can, in contrast, be regenerated by 
5 various methods . 

The methods of regenerating the catalyst described 
above can be applied to both the ceramic catalyst body 1 
which has the catalyst supported directly in the pores 
comprising defects or the like, and the ceramic catalyst 

10 body 1 which has the catalyst supported directly on the 
substituted element. Particularly in the case of the 
ceramic catalyst body 1 which has the catalyst supported 
directly on the substituted element, since the bonding 
force of the catalyst particles is greater than the 

15 bonding force of the catalyst particles which are 

supported in the pores, the regeneration process has a 
smaller influence and less deterioration is caused by 
repetitive regeneration processes, thus providing higher 
durability. 

2 0 Fig. 7 shows the results of measurements of catalyst 

performance after applying various regeneration processes 
described above to the ceramic catalyst body 1 of the 
invention (Examples 1 to 5). 

in Example 1, the ceramic catalyst was regenerated 

25 by pickling. The ceramic catalyst body 1 which had been 
exposed to the exhaust gas from an engine mounted on a 
vehicle was immersed in an aqueous solution of one normal 
nitric acid at the room temperature for 3 0 minutes. Then 
the ceramic catalyst body 1 taken out of the solution was 

30 rinsed with distilled water before drying at 100 °C. 

Example 2 is an example of regenerating with alkali. 
The ceramic catalyst body 1 which had been deteriorated 
similarly was exposed to a gas including l,000ppm of NH 3 
at 50 0 °C for one hour. Then after stopping the supply of 

35 NH 3 and replacing the atmosphere in the apparatus with 
air, the ceramic catalyst was sintered at 500 °C. 
Further, as an example of regeneration process in a 
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sintering atmosphere , a sample of the ceramic catalyst 
body 1 which had been deteriorated similarly was sintered 
in N 2 gas stream at 700 °C for three hours (Example 3), 
and another sample was sintered in H 2 gas stream at 700 °C 
5 for three hours (Example 4). As an example of 

regeneration process by physical method, a sample of the 
ceramic catalyst body 1 which had been deteriorated 
similarly was subjected to an air flow at a pressure of 5 
kgf/cm 2 directed into the apertures thereof for five 

10 minutes. 

Combustion characteristic was measured using 
reaction gas of 500ppm C 3 H 6 + 5% 0 2 gas on each of the 
samples of the ceramic catalyst body 1 which had been 
regenerated by the methods of Examples 1 to 5 . Fig. 7 

15 shows the temperature of 50% purification, which was 
lower than the temperature 2 85 °C of the catalyst body 
before subjected to the regeneration process (control) in 
every case, showing that the catalyst performance was 
restored. 



